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(57) ABSTRACT

A phase-change memory device with improved deposition
characteristic and a method of fabricating the same are pro-
vided. The phase-change memory device includes a semicon-
ductor substrate having a phase-change area, a first material-
rich first phase-change layer forming an inner surface of the
phase-change area and comprised of a hetero compound of
the first material and a second maternial, and a second phase-
change layer formed on a surface of the first phase-change
layer to {ill the phase-change area.

8 Claims, 2 Drawing Sheets
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PHASE-CHANGE MEMORY DEVICE AND
METHOD OF FABRICATING THE SAME

CROSS-REFERENCES TO RELAT
APPLICATION

D,

L1

The present application claims priority under 35 U.S.C.

119(a) to Korean Application number 10-2010-0064868,
filed on Jul. 6, 2010, 1in the Korean Patent Office, which 1s
incorporated herein by reference 1n 1ts entirety.

BACKGROUND OF THE INVENTION

1. Technical Field

The embodiments described herein relate to a phase-
change memory device and a method of fabricating the same
and, more particularly, to a phase-change memory device
including a phase-change layer with improved deposition
property and a method of fabricating the same.

2. Related Art

As I'T technologies develop, demand for next generation
semiconductor memory devices with ultra-high speed and
large capacity, which are suitable for portable information
communication systems and appliances, increases. It 1s desir-
able that the next generation semiconductor memory devices
have the non-volatile properties of flash memory devices, the
high speed operation of static random access memories
(SRAMs), and the high integration degree of dynamic RAMs
(DRAMSs), while achieving a lower power consumption. As
the next generation semiconductor memory devices, ferro-
clectric RAMs (FRAMSs), magnetic RAMS (MRAMs),
phase-change RAMs (PRAMSs) or nano floating gate memo-
ries (NFGMs), which have lower power consumption and
excellent data retention and write/read characteristics as com-
pared with conventional memory devices, have been
resecarched. Among these next generation semiconductor
memory devices, as the PRAMS having a simple structure
can be fabricated at a lower cost and operate at a high speed.,
the PRAMSs are being heavily studied.

The PRAM 1includes a phase-change layer of which a crys-
tal state 1s changed depending on the heat produced by an
applied current. A chalcogenide (GST) based material which
1s comprised of germanium (Ge), antimony (Sb) and tellu-
rium (Te) 1s typically used as the phase-change layer of the
PRAM. The crystal state of the phase-change layer such as a
GST layer 1s changed by the heat produced according to an
intensity of a supplied current and a current supply time. The
phase-change layer has a higher resistivity at an amorphous
state and a lower resistivity at a crystalline state such that 1t
may be used as a data storage medium of a memory device.

The phase-change layer 1s easily changed from the amor-
phous state to the crystalline state due to 1ts crystallization
characteristic. However, the conversion from the crystalline
state to the amorphous state may consume a large amount of
current. The current for the phase-change layer in converting
from the crystalline state to the amorphous state 1s called as a
reset current. Methods for reducing the reset current in the
PRAM have been suggested.

The method of forming the phase-change layer 1n a con-
fined structure has been suggested to reduce the reset current.
The phase-change layer 1s buried within a phase-change area
of a hole type in the confined structure to improve phase-
change efliciency, thus reducing the reset current.

However, 1n order to deposit the phase-change layer of the
confined structure, the phase-change layer 1s to have selec-
tivity with respect to the deposition. As known, the GST layer
which 1s a typical phase-change layer has a high deposition
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selectivity. Accordingly, when the GST layer 1s applied to the
confined structure, the GST layer may not be uniformly
deposited within the hole, and thus 1t 1s difficult to fill the hole
with the GST layer. Accordingly, the phase-change layer may
not be uniformly formed within the phase-change area to
cause a void such as a seam or an open fail.

SUMMARY

According to an exemplary embodiment, a phase-change
memory device mcludes a semiconductor substrate having a
phase-change area, a first material-rich first phase-change
layer formed along an 1nner surface of the phase-change area
and comprised of a hetero compound of the first material and
a second material, and a second phase-change layer formed
on a surface of the first phase-change layer to {ill the phase-
change area.

According to another exemplary embodiment, a method of
fabricating a phase-change memory device includes forming
a phase-change area exposing a lower electrode formed on a
semiconductor substrate, uniformly forming a first material-
rich first phase-change layer comprised of a hetero compound
of the first-material and a second maternial along an 1nner
surface of the phase-change area, and forming a second
phase-change layer on a surface of the first phase-change
layer to {ill the phase-change area.

These and other features, aspects, and embodiments are
described below 1n the section entitled “DESCRIPTION OF
EXEMPLARY EMBODIMENTS”.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other aspects, features and advantages of the
subject matter of the present disclosure will be more clearly
understood from the following detailed description and the
accompanying drawings, in which:

FIGS. 1 to 3 are cross-sectional views illustrating a method
of fabricating a phase-change memory device according to
exemplary embodiments of the inventive concept.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

Exemplary embodiments are described herein with refer-
ence to the accompanying drawings. One of ordinary skill 1in
the art should understand that variations from the shapes of
the illustrations as a result, for example, of manufacturing,
techniques and/or tolerances, are to be expected. Thus, exem-
plary embodiments should not be construed as limited to the
particular shapes of regions 1llustrated herein. In the draw-
ings, lengths and sizes of layers and regions may be exagger-
ated for clanity. Like reference numerals 1in the drawings
denote like elements. Herein, 1t should also be understood that
when a layer 1s referred to as being “on” another layer or
substrate, 1t can be directly on the other layer or substrate, or
intervening layers may also be present.

FIGS. 1 to 3 are cross-sectional views illustrating a method
of fabricating a phase-change memory device according to an
exemplary embodiment of the inventive concept.

Referring to FIG. 1, a lower electrode 20 1s formed on a
semiconductor substrate 10 of the phase-change memory
device mcluding a switching element. For example, a diode
may be used as the switching element. But 1t 1s not limited
thereto and a MOS transistor may be used as the switching
clement. In addition, the switching element may be electri-
cally connected to a word line to supply a reset current to the
lower electrode 20. The lower electrode 20 may be fabricated
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in various types so as to reduce the reset current. The lower
clectrode 20 may be formed of a conduction material of low
resistivity. For example, the lower electrode 20 may include at
least one selected from the group consisting of a polysilicon
germanium (poly-S1Ge) layer, a germanium nitride (GeN)
layer, a titanium nitride (TiN) layer, a titanium aluminum
nitride (T1AIN) layer, a titanium silicon nitride (T1S1N) layer,
a titantum oxynitride (T10N) layer, a titantum oxide (T10,)
layer, a tantalum (Ta) layer, a tantalum nitride (TaN) layer, a
tantalum silicon nitride (TaSiN) layer, a tantalum oxide
(Ta,O;) layer, a tungsten (W) layer, a tungsten nitride (WN)
layer, a gold (Au) layer, a copper (Cu) layer, an iridium (Ir)
layer, an 1rridium oxide (IrOx) layer and a platinum (Pt) layer.

An interlayer msulating layer 235 1s formed on the semicon-
ductor substrate 10 which the lower electrode 20 1s formed on.
The interlayer insulating layer 25 may be a silicon nitride-
based insulating layer having excellent heat-endurance. The
interlayer msulating layer 25 1s etched to expose the lower
clectrode 20, thereby defining a phase-change area 30.

A pre-treatment process 35 for a resultant structure of the
semiconductor substrate 10 1s performed to improve a depo-
sition characteristic of a phase-change layer which 1s to be
formed 1n the following/subsequent process. The pre-treat-
ment process 35 prevents a material constituting the lower
clectrode 20 from outgassing to improve adhesion and depo-
sition characteristics of the phase-change layer, which 1s sub-
sequently formed. The pre-treatment process 35 may include
a furnace process, a rapid thermal annealing (RTA) process, a
UV bake process, a chamber annealing process, efc.

Referring to FI1G. 2, a phase-change layer 40 1s formed to
{111 the phase-change area 30. In an exemplary embodiment,
the phase-change layer 40 includes a first phase-change layer
40a having excellent coating uniformity and a second phase-
change layer 400 having excellent deposition selectivity. That
1s, the first phase-change layer 40a 1s a film which 1s relatively
uniformly deposited along a resultant structure of the semi-
conductor substrate 10. The first phase-change layer 41a may
be formed of a hetero/binary compound comprised of a first
material and a second material, one of which may be material-
rich. For example, the first phase-change layer 40a may be
formed of a compound comprised of Sh-rich Te, Ge-rich Te,
or Si-rich Sh. Herein, the term “material-rich” denotes that
the material 1s mncluded over stoichiometry in the compound.

Herein, the first phase-change layer 40a may be a film
relatively thinner than the second phase-change layer 4056. In
addition, the first phase-change layer 40a may be deposited
by an atomic layer deposition (ALD) method having excel-
lent surface deposition characteristic. According to the ALD
method, the first phase-change layer 40a may be formed by
repeatedly performing a cycle, including supplying the first
material, purging, supplying the second material, and purg-
ing. Herein, as the first phase-change layer 40a, a first mate-
rial-rich phase-change layer may be formed by supplying the
first material relatively longer than the second material. As the
ALD method deposits a material layer 1n an atom unait, that 1s,
in a type of an atomic layer, 1t has excellent step coverage and
it 1s able to control a thickness of the material layer easily. In
addition, as the ALD method 1s able to deposit the material
layer at a lower temperature, the first phase-change layer 40a
can be deposited without variation of material properties.

Herein, a metal organic precursor may be used as the first
material of the first material-rich first phase-change layer 40a.
In the case where the first material 1s antimony (Sb), an
antimony precursor including a nitrogen (N) ligand may be
used. The nitrogen ligand has electronegativity larger than a
carbon (C) ligand to withdraw an electron easily. Therefore,
the repulsive force between the nitrogen and the antimony
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increases and their bonding 1s broken to cause the chemical
reaction. Accordingly, the deposition 1s uniformly accom-
plished.

Meanwhile, the second phase-change layer 400 may be
comprised of a Ge—Sb—Te (GST) matenial. For example,
the second phase-change layer 405 may be deposited by an
ALD method or a chemical vapor deposition (CVD) method.
According to the ALD method, the second phase-change
layer may be deposited by repeatedly performing a cycle,
including supplying a {first material, purging, supplying a
second material, purging, supplying a third material, and
purging. The first to third materials may be different from
cach other, and may be any one of germanium (Ge), antimony
(Sb), and Tellurtum (Te). In addition, bismuth (B1), silicon
(S1), arsenic (As), or selenium (Se) may be supplied as any
one of the first and third matenals.

Alternatively, according to the ALD method, the second
phase-change layer 4056 may be deposited by repeatedly per-
forming a cycle, including supplying a hetero compound
source mncluding the first material and the second matenial,
purging, supplying the third material, and purging.

Furthermore, according to the ALD method, the second
phase-change layer may be formed by repeatedly performing,
a cycle, mcluding supplying a ternary compound source,
which includes the first to third materials, and purging.

According to the CVD method, the second phase-change
layer 406 may be deposited by supplying the first to third
matenals 1ndividually. Alternatively, the second phase-
change layer 405 may be deposited by supplying the first to
third materials 1n a hetero compound type or 1n a ternary
compound type. When the second phase-change layer 405 1s
deposited by the CVD method, NH; and H, gases may be
injected as a reactant gas. In addition, plasma may be further
supplied to improve a reaction characteristic.

Furthermore, the first and second phase-change layers 40a
and 405 may include a dopant, respectively. For example, tin
(Sn), 1s silicon oxide (S102), or silicon (S1) may be used as the
dopant included 1n the first or second phase-change layer 40qa
or 400b.

Then, the second and first phase-change layers 406 and 40a
are planarized to form the confined phase-change layer 40.

Retferring to FIG. 3, the phase-change layer 40 1s post-
treated. The post-treatment process may include an RTA pro-
cess, a UV bake process, a chamber annealing process or a
plasma treatment process. At this time, i the case of the
plasma treatment process, a phase of a phase-change material
can be controlled to prevent volume reduction. In addition,
the post-treatment process can remove by-products due to
process reaction and improve a contact characteristic with an
upper electrode (not shown) which 1s to be formed on the
phase-change layer 40. The post-treatment process may be
preferably performed at a temperature of 200 to 400 degrees
which do not affect the material property of the phase-change
layer 40.

According to the inventive concept, as a phase-change
layer of a phase-change memory device, a first phase-change
layer which 1s comprised of a specific material-rich hetero
compound 1s deposited to enhance the coating uniformity of
the phase-change layer and then a second phase-change layer,
which includes a phase-change material having excellent
deposition selectivity, 1s deposited. According to this, when
the phase-change layer having a confined structure as well as
various structures 1s deposited, its deposition characteristic
can be improved.

While the present mmvention has been described with
respect to the specific embodiments, 1t will be apparent to
those skilled 1n the art that various changes and modifications
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may be made without departing from the spirit and scope of
the invention as defined 1n the following claims.
What 1s claimed 1s:

1. A phase-change memory device, comprising;:

a semiconductor substrate having a phase-change area of a
hole type;

a first material-rich first phase-change layer formed only
on sidewalls and bottom of the phase-change area and
including a hetero compound of the first material and a
second material; and

a second phase-change layer formed on a surface of the first
phase-change layer to fill the phase-change area.

2. The phase-change memory device according to claim 1,
wherein the first material 1s antimony (Sb) and the second
material 1s tellurium (Te).

3. The phase-change memory device according to claim 1,
wherein the first material 1s germanium (Ge) and the second
matenal 1s tellurium (Te).
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4. The phase-change memory layer according to claim 1,
wherein the first material 1s silicon (S1) and the second mate-
rial 1s antimony (Sb).

5. The phase-change memory device of claim 1, wherein
the second phase-change layer 1s formed of a ternary com-
pound including third to fifth matenals.

6. The phase-change memory device of claim 5, wherein
the second phase-change layer 1s a chalcogenide (GST) layer
comprised of germanium (Ge), antimony (Sb) and tellurium
(Te).

7. The phase-change memory device of claim 1, further
comprising a lower electrode electrically connected to the
first phase-change layer on the semiconductor substrate.

8. The phase-change memory device of claim 1, wherein at

least one of the first and second phase-change layers includes
a dopant.
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